A six-week hand exercise programme improves strength and hand function in patients with rheumatoid arthritis. Conclusion: A significant improvement in hand force and hand function in patients with rheumatoid arthritis was seen after 6 weeks of hand training; the improvement was even more pronounced after 12 weeks. Hand exercise is thus an effective intervention for rheumatoid arthritis patients, leading to better strength and function.
INTRODUCTION
Exercise has become an important part of the rehabilitation of patients with rheumatoid arthritis (RA) during recent years, and the benefits of both aerobics and hand-strengthening exercises have been reported (1, 2) .
Although there is general agreement regarding the necessity for rest during an acute flare, there is a wide variation in the activities recommended for the non-acute rheumatoid hand. This wide variation in hand exercise may be due to the few objective studies regarding the effect of hand exercise on the rheumatoid hand. Studies have shown that daily hand exercise is effective in increasing grip strength (3, 4) . Despite these positive trends, other studies have presented radiographic evidence of aggravation of the disease in physically active patients and in the dominant hand (5, 6) .
It is widely accepted that measurement of grip force (flexion force) provides an objective measure of hand function, and this is commonly used in the clinical setting (7) . An important, but sometimes neglected, ability in good hand function is the extension capacity of the wrist and fingers. Most hand grips require opening of the hand and adjustment of finger position. In addition, the extensor muscles are important for stabilization during flexion force production, and active in developing a controlled grip force (8) .
Previously, we developed a finger extension force measurement device (EX-it) and evaluated its accuracy, usability and test-retest reliability (9) . We have also shown that highresolution ultrasound technology is a valuable tool for studying muscle architecture. The results of these two methods, ultrasound and finger extension force measurements, have been shown to be suitable for studying healthy and rheumatoid muscles (10) .
The objective of this study was to evaluate the effect of hand exercise in patients with RA and compare the outcome with healthy subjects. Furthermore, we wanted to determine the usefulness of finger extension force measurements and ultrasound as methods for analysing the results of exercise.
SUBJECTS AND METHODS

Subjects
Female patients with RA who visited the outpatient clinic at Spenshult Rheumatic Hospital during a period of one month were asked to participate in this study. The inclusion criteria were: disease duration of at least one year and the subjects should be able to fully extend their fingers. Twenty patients with RA, (diagnosis based on 1987 American College of Rheumatology (ACR) criteria (11)), median disease duration 16 years (range 2-40 years), median age 59 years (range 33-70 years), were included in the study. A control group was selected to match the RA group for sex and age. The control group consisted of 20 healthy women, with a median age of 59 years (range 36-73 years). The exclusion criteria for the controls were: inflammatory or muscle disease, or previous hand or arm injuries. Four subjects, 2 controls and 2 patients A SIX-WEEK HAND EXERCISE PROGRAMME IMPROVES STRENGTH AND  HAND FUNCTION IN PATIENTS WITH RHEUMATOID ARTHRITIS   Sofia Brorsson, PhD   1 with RA, withdrew from the study for reasons unrelated to the study; 36 subjects thus completed the study. The study was approved by the ethics committee at Lund University. All procedures complied with the Declaration of Helsinki.
Study design
The study period was 18 weeks, during which the subjects were examined at 6-week intervals. Before the exercise started, 2 examinations (occasions I and II) baseline values were determined, which are presented in the text as Week 0. Data collected on occasion III are presented as 6-week data and on occasion IV as 12-week data.
The exercise programme started after occasion II and was performed for 12 weeks. The exercise programme was designed according to Flat (12) , and performed 5 times a week, each task was repeated 10 times and the position of maximal effort was held for 3-5 sec with a 20-sec rest between repetitions (Fig. 1) . The exercise sessions were separated by at least one day. The exercise programme took 10 min to complete and the participants used therapeutic putty (85 g) for finger resistance. The participants were free to choose soft, medium or firm putty. The participants kept diaries during this training period in which all hand exercise occasions were declared.
Evaluation methods
Force measurements. Two devices were used to measure muscle force, the EX-it, for measuring finger extension force (9) , and the Grippit (Detektor AB, Göteborg, Sweden) for measuring finger flexion force (13) . The procedure for the measurements was standardized in terms of sitting position, instructions and encouragement (7, 14) . The subjects were seated in an upright position on a chair in front of the instrument ( Fig. 2) (9) . Before and after the measurements, the subjects were asked to report the level of pain on a visual analogue scale (VAS), ranging from 0 to 10 (0 = no pain, 10 = highest pain tolerance limit) (15) .
Grip ability test.
Hand function was evaluated with the grip ability test (GAT), which measures the degree of limitation of activities of daily living (ADL) and is designed for patients with RA (16).
Questionnaires. Two patient-reported questionnaires were used in their Swedish version, the Disabilities of Arm, Shoulder and Hand (DASH) questionnaire (extremity specific) and the SF-36, Short-Form health survey containing 36 questions (generic) (17, 18) .
Ultrasound measurements. Ultrasound examination of the extensor digitorum communis (EDC) muscle was performed with a Siemens Acuson, Aspen system (Wrightwood Medical, Inc., Chicago, IL, USA) using a 7.5 MHz linear transducer (38 mm width). The measurements were performed according to a previously published protocol (10) and produced data on muscle cross-sectional area (CSA), muscle thickness, pennation angle and contraction pattern (change in shape of the muscle and time from start to maximal contraction (MCT)). Ultrasound recordings were obtained during a change from a neutral relaxed position to maximal static contraction of the extensor muscles, maintaining a neutrally positioned wrist.
Statistics
In the statistical analysis, SPSS version 11.5 for Windows XP was used. For comparisons between groups, the Mann-Whitney U test was used, and for comparisons within groups, the Wilcoxon test was used. Descriptive data included either median or quartiles or means (and standard deviation (SD)) values. A p-value of less than 0.05 (2-tailed test) was considered to be significant. The mean value of the baseline measurement was used in the analyses.
RESULTS
Force measurements and hand function
Both extension force and flexion force increased significantly in both groups after 6 weeks of hand exercise. Hand force increased further after 12 weeks of hand exercise (Fig. 3) . Both the RA group and the control group showed significant improvement of the GAT score after hand exercise. The exercise programme caused no significant change in the pain level (Table I ). The information in the diary supported that all participants performed the exercise programme at a regular basis in their homes.
Patient-reported questionnaires
After 12 weeks of hand exercise the RA group showed a significant improvement in the DASH score, while there was no improvement in the control group (Table I) . Neither of the 2 groups showed any significant improvement in the SF-36 score (Fig. 4) .
Ultrasound measurements
After 6 weeks of hand exercise therapy, the CSA of the EDC muscle in the RA group increased, while no improvement was observed in the control group. However, after 12 weeks of hand exercise the CSA increased significantly in both groups. The pennation angles did not increase after hand exercise therapy. No improvement was seen in muscle thickness in the RA group. However, the muscle thickness in the control group increased significantly after 6 weeks. After 12 weeks of hand exercise the MCT and the muscle shape increased significantly in both groups (Table II) . The CSA of the EDC muscle showed a significant difference between the 2 groups before the period of hand exercise (p < 0.05), but after 6 weeks no significant difference was observed between the groups (p = 0.4).
DISCUSSION
The study demonstrates the usefulness of short-term hand exercise for patients with RA and that a home exercise programme can enhance hand function. The RA group and the control group showed significantly improved hand force (both flexion and extension force) and hand function after only 6 weeks of hand exercise. The finger extension force improved by 36% in the RA group and by 25% in the control group. The flexion force was improved by 40% in the RA group and by 14% in the control group. Previous studies on flexion force support our results on the hand force of RA patients (19, 20) . Although hand force improved in the RA group, there is still a significant difference in muscle force between patients with RA and healthy controls (p < 0.01). Hand function improved in both groups (p < 0.01), which is in agreement with Dellhag et al. (21) who reported improved hand function after 4 weeks of hand exercise. After 12 weeks of hand exercise, hand force further increased in both groups. The extension force in the RA group increased by 52% and the flexion force by 56%, compared with the baseline values, while in the control group, the extension force improved by 35% and the flexion force by 19%. The reason why the RA group responded so positively could be that the RA patients had been reluctant to use their hands because of fear of pain and/or fatigue, but once they started the training programme they experienced encouraging results.
Ultrasound measurements showed a significant difference between muscle CSA in the 2 groups before the exercise period, but after 6 weeks no significant difference was observed between the groups. One explanation of the greater response in the RA group could be that the intensity of the training programme and the resistance of the therapeutic putty were adequate for this group. Stenström & Minor (19) reported in their study that the load for strength exercises for RA patients should be 50-80% of a maximal voluntary contraction, and should be performed 2-3 times per week. Our study showed significant improvements in both groups concerning change in muscle shape, and the MCT increased significantly in the control group. In previous studies it has been suggested that an early increase in force is accompanied by an increase in muscle contractility; this could be one explanation for the results in this study concerning MCT and change in muscle shape (22) . After 12 weeks of hand exercise muscle parameters such as CSA and muscle shape change improved further in the RA group and after the exercise period there was no significant difference between the 2 groups concerning these 2 muscle parameters. One explanation for this could be muscle hypertrophy and adaptive changes in the neuromuscular system (23) . The MCT in the RA group increased significantly after 12 weeks, while it increased after only 6 weeks in the control group. This could be explained by the fact that muscles in patients with RA are weaker at baseline and the muscle function is reduced, which can present itself as loss of functional balance and co-ordination (24) .
Hand function improved significantly in the RA group after 12 weeks of exercises, as measured with the DASH questionnaire. These results indicate that impaired hand force influences hand function to a significant degree.
Methodological issues and limitations
The finger extension force measuring device, EX-it, has previously been found to be reliable in healthy individuals through test-retest procedures (9) . However, the reliability of this device has not been evaluated in the rheumatoid hand. Test-retest measurements have been carried out on patients with RA with the Grippit device, showing a coefficent variation (CV) of 27% (25) . However, the significant improvement of 36-40% in hand force after 12 weeks of exercise can be regarded as reliable. The use of ultrasound to assess in vivo muscle architecture has previously been shown to be reliable both in healthy subjects and patients with RA (9, 10). Reliable measures imply that standard methodologies were used, including measurement sites for the ultrasound transducer and a standardized procedure with the metacarpophalangeal joint in a fixed position during the extension force measurements. Finger extension control is one of the most difficult motions to regain after disease/injury and is also very important for prehensile activities (26) . Since both EX-it and ultrasund in the present study has proved to be sensitive for evaluating hand exercise, it can be expected that these methods can be used to evaluate other interventions, such as surgical procedures, physiotherapy and/or pharmacological treatment. With these new methods, arthroplastic interventions in the metacarpophalangeal joints of the fingers can be evaluated objectively. In a longer perspective it may be possible to establish a more efficient rehabilitation programmes for patients with RA.
In order to generalize the results of the present study, a larger group of RA patients should be investigated. However, the size of the study groups is comparable to those in previous studies involving hand exercise in patients with RA (27) . The effects of medication and other concomitant treatment on the study results are unknown. Detailed information about the hand deformities in the RA patients was not measured, but all patients in the study were able to extend their fingers. The range of disease duration in the RA group was wide (2-40 years) and may also have influenced the results. Häkkinen et al. (23) reported that the loss of muscle strength and functional capacity in patients with RA may be prevented by performing physical exercise with sufficient intensity on a regular basis.
Previous studies on RA patients have identified the index finger, middle finger and the metacarpophalangeal joints as the most important contributors to functional ADL tasks (28) . With the new EX-it device, it is possible objectively to evaluate the single finger extension force before and after hand exercise. Furthermore, this study supports the clinical usefulness of hand exercise in patients with RA to improve hand force and function. It is possible that RA patients need continuous exercise to prevent loss of muscle force and to improve the performance of activities of daily living (27, 29) .
We found no negative effects of the exercise programme on reported pain level in the RA group. Stenström et al. (29) reported that home exercises involving the whole body decreased the perceived pain level during the exercise period. Our results suggest that the benefits of exercise outweigh its possible drawbacks.
In conclusion, this study shows that regular hand exercise increases the hand function and hand force in patients with RA. None of the subjects experienced more pain in their hands during the exercise period. Hand exercise deserves consideration for routine inclusion in the treatment of patients with RA.
